Objectives: The purpose of this systematic review was to compare intrarater and inter-rater reliability of active cervical range of motion (ACROM) measures obtained with technological devices to those assessed with low-cost devices in patients with nonspecific neck pain. As a secondary outcome, we investigated if ACROM reliability is influenced by the plane of the assessed movement. Methods: Medline, Scopus, Embase, the Cochrane Library, CINHAL, PEDro, and gray literature were searched until August 2016. Inclusion criteria were reliability design, population of adults with nonspecific neck pain, examiners of any level of experience, measures repeated at least twice, and statistical indexes on reliability. A device was considered inexpensive if it cost less than €500. The risk of bias of included studies was assessed by Quality Appraisal of Reliability Studies. Results: The search yielded 35 151 records. Nine studies met all eligibility criteria. Their Quality Appraisal of Reliability Studies mean score was 3.7 of 11. No significant effect of the type of device (inexpensive vs expensive) on intraclass correlation coefficient (ICC) was identified for intrarater (ICC = 0.93 vs 0.91; P N .99) and inter-rater reliability (ICC = 0.80 vs 0.87; P N .99). The plane of movement did not affect inter-rater reliability (P = .11). Significant influences were identified with intrarater reliability (P = .0001) of inexpensive devices, where intrarater reliability decreased (P = .01) in side bending, compared with flexion-extension. Conclusions: The use of expensive devices to measure ACROM in adults with nonspecific neck pain does not seem to improve the reliability of the assessment. Side bending had a lower level of intrarater reliability. (J Manipulative Physiol Ther 2017;40:597-608) 
INTRODUCTION
Neck pain (ie, pain in the neck with or without pain referred into 1 or both upper limbs that lasts at least 1 day) is a common complaint in the global population. 1 It was estimated that about the 5% of population at any time suffers from neck pain. 1 Objective evaluation of active range of motion, for neck pain as much as for other condition, is a cornerstone of clinical assessment, 2,3 just like history taking, visual inspection, and passive motion examination.
prognosis for nonspecific neck pain 3 but not useful for diagnosing the condition. However, results from previous systematic reviews on reliability of ACROM measurement indicate conflicting conclusions because of potential selection biases. In former studies, an asymptomatic sample was sometimes used to test ACROM, and reviews pooled data from this population with a symptomatic one. 3, [5] [6] [7] Moreover, data were pooled from patients with multiple diagnoses, mixing results of measures in specific neck pain (ie, neck pain originating from systemic conditions like rheumatic diseases or identified causes like radiculopathy) with nonspecific ones. 3, [5] [6] [7] In the end, previous reviews did not perform an adequate assessment of methodological quality of identified studies: In some cases there was a complete lack of assessment 5, 6 ; in others the assessment was performed by tools that were not validated. 2, 7 To avoid such biases, it was decided to create this systematic review with stricter criteria in the selection procedure.
Neck pain is highly disabling and demands direct and indirect costs (eg, public or private health costs, insurance refunds, working days lost). Some studies have estimated that a patient with nonspecific back and neck pain will spend about $5500 per year, 8, 9 with a trend of increasing costs, 8, 9 mainly because of medical specialty costs, possibly related to innovative contents and collaborative markets with producers of supplies. 10 To contain costs for spine pain management, it is important to evaluate if devices are reliable and cost-worthy. Therefore, the purpose of this systematic review was to compare intrarater and inter-rater reliability of ACROM measures from technological devices to those assessed with low-cost devices in patients with nonspecific neck pain. As a secondary outcome, we investigated if ACROM reliability is influenced by the plane of the assessed movement.
METHODS

Search Strategy
This systematic review was written in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement for reporting systematic reviews and meta-analyses of studies, 10 without registering a protocol review. A systematic search was performed in 6 electronic databases (Medline, Scopus, Embase, the Cochrane Library, CINHAL, and PEDro) from each databases' inception until August 2016; in addition, a gray literature search was performed on articular mobility textbooks, with no limits about year of publication.
A search strategy was built using keywords combined with Boolean operators. Relevant hand-searched articles, found in textbooks, were also included to obtain as complete information as possible. The search strategies are reported in Appendix 1.
A hand search of the reference lists of the articles screened for inclusion was also performed to locate any publications not identified through the electronic database searches.
Eligibility Criteria
Two authors (M.S., F.Gi.) independently reviewed the articles obtained by the systematic search for eligibility and possible inclusion. Titles and abstracts of all articles were screened for eligibility, based on the criteria listed next. In case of uncertain eligibility, all reviewers screened the full text of the manuscript for inclusion into the systematic review.
Inclusion Criteria. Studies were included only if intrarater or inter-rater reliability design was adopted. Publications in any language as full-text articles and peer review were included. Studies based on participants with nonspecific neck pain 11 were included for the review. Examiners with various levels of experience and education were included for review, and no restrictions were made based on their demographics. Studies were included if the measurement of ACROM was performed at least twice (by the same rater or different raters). The studies were included if they provided statistics about reliability of measurements such as intraclass correlation (ICC), standard error of measurement, and limits of agreement.
Exclusion Criteria. Types of studies excluded were letters, editorials, comments, case studies, protocols, guidelines, conference proceedings, review articles, and those whose full text was not available. Also excluded were studies with asymptomatic participants or with mixed populations (healthy and symptomatic) where data were pooled together without any distinction and those involving participants with other pathologic conditions different from nonspecific neck pain. Students were not included as raters. Studies where the measurement of ACROM was performed only once by a single rater or was not performed were not included. Studies were excluded if they did not provide statistics about reliability of measurements.
Quality Assessment
The Quality Appraisal of Reliability Studies (QAREL) checklist evaluated the risk of bias. 12 It has been reported to have acceptable levels of content validity (good) and inter-rater reliability (κ N 0.60). 13 It has been used in systematic reviews aimed at reliability of clinical tests in rehabilitation. [14] [15] [16] In this systematic review, a QAREL checklist was adopted to assess methodological quality both across studies and within studies.
A QAREL is composed of 11 items and assesses the external validity, internal validity, and statistical methods of reliability studies. Based on guidelines provided, each item is equally weighted and scored as Yes, No, Unclear, or Not Applicable. Former systematic reviews of inter-rater and intrarater reliability based on QAREL scores have used 50%, [16] [17] [18] 60%, 15, 17, 19 and 70% 17 cutoff points to define high-quality evidence. Because operational definitions of study quality can affect the overall levels of evidence 10 and no consensus on a single cutoff point for defining study quality exists, we interpreted QAREL scores using the mean proposed value of 60%. Studies were therefore defined as high quality if 60% of applicable QAREL checklist items were scored as Yes.
As recommended to improve reliability, criteria by which judgments were made for each item of QAREL were defined before the methodological assessment was done. 13 Two independent researchers (G.R., A.R.) evaluated independently the quality of reliability studies and disagreement was resolved by discussion or use of a third reviewer (M.T.). The agreement between the 2 reviewers for rating studies based on quality scales was calculated by κ coefficient.
Data Extraction
Two independent reviewers (M.S., A.B.) extracted data, including authors' names, year of publication, mean age of patient enrolment, type of instrument used, movement of ACROM measured, ICC, standard error of the mean, and limits of agreement. Discrepancies in interpretation were resolved by discussion seeking consensus and use of a third reviewer (M.T.) if needed. Data are shown in Tables 1 and 2 .
Data Analysis and Synthesis
Continuous variables are given as means and standard deviation (SD) and categorical variables as number of participants. The total flexion and extension measure (if not available) was obtained by taking the mean of flexion and extension values in each study. The total rotation and side-bending measure (if not available) was obtained by taking the mean of left and right values for rotation and side bending in each study. To investigate the associations of the ICC with age, ACROM, and tool type, a univariate, and later a multivariate, analysis was performed by using the linear mixed effects model. In addition, the linear mixed effects model, corrected for age effect, was again used to study which direction of movement was more reproducible between inexpensive tools. Studies were considered as a random effect in all mixed effects models.
After fitting each model, residual analyses were performed to check for adequacy of the mixed model assumptions. In particular, the Shapiro-Wilk test and the quantile-quintile plot of the standardized residuals were used to check for normality assumptions of the error terms. The standardized residual vs predicted mean values plot was used to check for the assumption of constant variance. The plot of the fitted values obtained from the model of interest against the observed values was used to assess the linearity of the model. The likelihood ratio test was used as a test of statistical significance. Differences with a P value b .05 were selected as significant in all the comparisons. Data were acquired and analyzed in R Version 3.2.3 software. 20 Devices used to measure active cervical range of motion were divided into expensive and inexpensive tools. This division was made to evaluate if complex and technological devices are cost-worthy because of their superior reliability. A former study was found that arbitrarily established a cutoff to determine whether a device was considered affordable or not at maximum €1000.
2 However, in this study a device was considered inexpensive if it cost a maximum of €500, so that it could be bought by self-employed physical therapists without great economic effort, and not only by research laboratories.
RESULTS
Search Results
Searching the databases yielded 35 151 citation postings. Research strategies on each database are detailed in Appendix 1. Two reviewers independently reviewed the titles and abstracts, and 35 114 articles were eliminated. There was no agreement on the selection of 60 studies. Disagreements were resolved by a consensus-based discussion, 21 with a strong level of agreement (percentage of agreement = 99.3%) 21 and high inter-reviewer reliability (κ coefficient k w = 0.96; 95% CI: 0.95-0.97). A total of 37 articles were regarded as possibly relevant and were retrieved as full articles. Nine studies met all eligibility criteria. Excluded studies and motivation of exclusion are shown in Appendix 2. There was no disagreement in the procedures of application of eligibility criteria and data extraction. The selection process is shown in Figure 1 .
Characteristics of the Studies
Two of the selected studies investigated both inter-rater and intrarater reliability. 22, 23 The others assessed only 1 value. [24] [25] [26] [27] [28] [29] The number of participants with neck pain ranged from 19 27 to 56 per study, and the sum of them was 288. The mean age of the participants had a minimum value of 33.6 years (SD = 10.3) 26 and a maximum value of 59 years (SD = 5.6). 29 Six studies used inexpensive devices to measure ACROM: universal inclinometer, 23 standard dual-arm goniometer, 23, 28 gravity inclinometer, 27, 28, 30 and cervical range of motion device. 26, 29 Only 3 studies used expensive devices: the Cybex Electronic Digital Inclinometer 320 (EDI-320), 22 the Orthopedic Systems Incorporated (OSI) Computerized Anatometry 6000 Spine Motion Analyzer (SMA), 24 and the Flock-of-Birds system. 25 Only 6 studies reported the mean Neck Disability Index value 22, 23, [27] [28] [29] [30] ; only 3 of them reported the mean duration of symptoms, 22, 23, 28 so no subgroup analysis could be performed to identify differences between patients with Study: first author and year of publication; participants: number (n), diagnosis, mean age (with SD or range); examiners: number (n), work experience, training in using the instrument to assess active range of motion; instrument: name of instrument to assess active range of motion; position: position of the patient; direction: direction of measured active movement. CROM, cervical range of motion; E, expensive instrument to assess active range of motion; EDI, Electronic Digital Inclinometer; ICC, intraclass correlation coefficient, with SD in parentheses, if provided; IE, inexpensive instrument to assess active range of motion; LoA, limits of agreement; M/F, male/female; NDI, Neck Disability Index; OSI SMA, Orthopedic Systems Incorporated Spine Motion Analyzer; SD, standard deviation; SEM, standard error of the mean. Study: first author and year of publication; participants: number (n), diagnosis, mean age (with SD or range); examiners: number (n), work experience, training in using the instrument to assess active range of motion; instrument: name of instrument to assess active range of motion; position: position of the patient; direction: direction of measured active movement. E, expensive instrument to assess active range of motion; EDI, Electronic Digital Inclinometer; ICC, intraclass correlation coefficient, with SD in parentheses, if provided; IE, inexpensive instrument to assess active range of motion; LoA, limits of agreement; M/F, male/female; NDI, Neck Disability Index; SD, standard deviation; SEM, standard error of the mean. different disability and between patients with acute, subacute, or chronic neck pain. All the data are reported in Tables 1 and 2 .
Quality Appraisal
Methodological quality of included studies was assessed with the QAREL tool. Across studies, the mean score reached by studies was 3.7 of 11, with a maximum score of 7 of 11 23 and a minimum score of 2 of 11. 24 A complete overview of methodological quality across studies is provided in Table 3 .
Regarding risk of bias within studies, internal validity was compromised because populations and raters were largely not sufficiently described or not representative. Only 1 study provided a representative population, 29 and only 1 reported representative raters. 28 All 9 studies instead applied and interpreted appropriately the test. 27 External validity was also lacking, because blinding and practical organization of the test were not clearly reported in most cases. Only a couple of studies stated that raters were blinded to clinical information on patients, 23, 27 with only 1 specifically declared blinding to the reference standard for the target disorder, 23 and only 1 did not provide additional cues that were not part of the test. However, blinding of results from 1 rater to other raters, when appropriate, was mainly ensured-6 of 8 studies were scored Yes. 22, 23, 25, 27, 28, 30 Raters were also blinded to their own findings in most cases, when appropriate, with 3 of 5 studies reporting that. 22, 23, 26 None reported if the examination order was varied, and only 2 studies ensured an appropriate time interval between 2 measurements. 23, 27 Obviously, every study adopted an appropriate statistical measurement of agreement because this item of the QAREL checklist was an inclusion criterion of studies in the present review. A graphical representation of risk of bias within studies is provided in Figure 2 . There was no agreement on the scoring of 7 of 110 items valued (10 studies, 11 items each). Disagreements were resolved by a consensus-based discussion, with a high level of agreement (percentage of agreement = 93.6%) and good inter-reviewer reliability (κ coefficient k w = 0.83; 95% CI: 0.71-0.95).
Meta-regression
Regarding the effect of the tool type on ICC (Tables 4 and 5) , no significant tool type effect, corrected for age and motion, on ICC was observed for inter-rater and intrarater reliability ( Table 4 , P = .99, and Table 5 , P = .99, respectively).
No significant motion effect on ICC values, corrected for age, was estimated for inter-rater reliability (Table 6 ; P = .11).
Significant motion effect on ICC values, corrected for age, was estimated for intrarater reliability (Table 7 ; P = .0001). In particular, comparing ICC mean in the side-bending motion group with that in the flexion and extension group, approximately a -0.02 significant decrease (P b .0001) was noted.
Regarding diagnostic residual analysis (Appendix 3), the quantile-quintile plots indicated that the circles crossed or were very close to the diagonal line, and there was no significant evidence of rejecting the null hypothesis of normality using the Shapiro-Wilk tests (P N .05) for all residual models. The plots of standardized residuals against fitted values indicated no trend, and was randomly scattered around 0, with positive and negative values equally likely at any point. The plots of the fitted values against the observed values indicated that the points were quite close, both to the diagonal line and to the regression line of the observed vs fitted values. According to these results, no violations of the mixed model assumptions were identified.
DISCUSSION
Main Findings
The main purpose of this systematic review was to determine whether technological devices, used to measure active cervical range of motion in adults suffering from nonspecific neck pain, are cost-worthy because of their superior reliability. Meta-regression analysis performed on pooled data indicated that no difference exists in intrarater and inter-rater reliability between expensive and inexpensive devices.
As some recent studies have suggested, 31,32 cost reduction without loss of efficacy in spinal disorder management is a rising concern in clinical practice and in related research. Choosing a measurement instrument that conciliates cost and effectiveness has become particularly relevant because the expenditure determined by the spinal pathologic conditions is growing and new technologies provide appealing, but expensive, tools for clinical practice. Common-use and inexpensive measurement instruments that were analyzed for their reliability in the articles included in our review were standard dual-armed goniometer, universal or gravity inclinometer, and CROM device, which cost between €30 and €500.
The expensive instruments analyzed in the papers selected for the present review were EDI-320, OSI SMA, and Flock-of-Birds. The EDI-320 is an electronic, fully portable digital inclinometer. 2, 22 OSI SMA consists in a lightweight aluminum linkage with 6 potentiometers that measures regional spinal motion concurrently on the 3 planes of movement by transforming a voltage change in a measure of ACROM degrees. 24 Flock-of-Birds is an electromagnetic tracking system, consisting in a standard range transmitter and 3 receivers: 1 receiver is used to assess natural posture of the participant, and the other 2 are used to measure movements as they are positioned on the forehead and on the sternum. 25 All these expensive devices, as also ascertained by a previous study, 2 were estimated to cost N€500. A complete overview of their modes of operation and prices could not be performed because those instruments are out of production or have been superseded by new technologies, as declared by producers. The potentially short life of technology-based devices is a relevant feature that should be considered when investing resources for managing spinal disorders. Inclinometers and handheld goniometers represents the percentage of studies scored "yes" for that item, the yellow bar represents the percentage of studies scored "unknown" for that item, and the red bar represents the percentage of studies scored "no" for that item. When items were not applicable, they were not included because they don't contribute to percentage calculation. Characteristics = variable considered; mean (SD) = ICC mean in the characteristic levels with the standard deviation for categorical variable and ICC mean with standard deviation for continuous variable; β (95% CI) = β regression coefficient with 95% CI estimated using mixed effects model; P value = the likelihood ratio P value adjusted for multiple comparisons by the Bonferroni correction method. CI, confidence interval; ICC, intraclass correlation coefficient; SD, standard deviation.
are still widespread and constitute common components of the tool box of every practitioner. Only a couple of previous reviews have been published on this topic 2,7 ; they both suggested that the CROM device and single inclinometer have been proven to be reliable, 2, 7 and they are more worth using than other devices because of their affordable costs 3 and more solid literature about them. Characteristics = variable considered; mean (SD) = ICC mean in the characteristic levels with the standard deviation for categorical variable and ICC mean with standard deviation for continuous variable; β (95% CI) = β regression coefficient with 95% CI estimated using mixed effects model; P value = the likelihood ratio P value adjusted for multiple comparisons by the Bonferroni correction method. CI, confidence interval; ICC, intraclass correlation coefficient; SD, standard deviation. Characteristics = variable considered; mean (SD) = ICC mean in the characteristic levels with the standard deviation for categorical variable and ICC mean with standard deviation for continuous variable; β (95% CI) = β regression coefficient with 95% CI estimated using mixed effects model; P value = the likelihood ratio P value adjusted for multiple comparisons by the Bonferroni correction method. CI, confidence interval; ICC, intraclass correlation coefficient; SD, standard deviation. Characteristics = variable considered; mean (SD) = ICC mean in the characteristic levels with the standard deviation for categorical variable and ICC mean with standard deviation for continuous variable; β (95% CI) = β regression coefficient with 95% CI estimated using mixed effects model; P value = the likelihood ratio P value adjusted for multiple comparisons by the Bonferroni correction method. CI, confidence interval; ICC, intraclass correlation coefficient; SD, standard deviation.
Unfortunately, their results cannot be directly compared with ours. Both previous reviews summarized data from studies on healthy participants, on mixed population (healthy participants and patients), and on different pathologic conditions (including rheumatic diseases, whiplash, and radicular pathologic conditions), so no firm conclusions can be drawn about reliability in adults with nonspecific neck pain. Moreover, we have conducted a meta-regression analysis on the pooled data that we extracted from the selected papers, whereas in the studies by de Koning et al 2 and Williams et al 7 results were presented only as a summary of findings with quality assessment. The intention of Williams et al was to perform a meta-analysis, but, as they declared, that was impossible because of the heterogeneity of studies. 7 As a secondary outcome, a multivariate analysis was conducted using a linear mixed effects model, corrected for age, to assess which direction of movement was more reproducible between inexpensive tools.
Inter-rater reliability is not affected by the age or the direction of the movement measured because no statistical difference in ICC values was identified (P = .11). The same does not apply to intrarater reliability, which is not affected by age, but is by direction of the movement (P = .0001). In particular, the same rater is more likely to obtain the same measure (P = .01) when measuring movements on the sagittal plane (ie, flexion and extension), instead of on the frontal plane (ie, side bending). This lack of intrarater reliability in the frontal plane has, however, a small impact on physical therapists' everyday practice. Among cervical movements, side bending is the least tested as pure movement, being physiologically coupled with rotationthat is, more quantitatively represented-and has only a limited involvement in daily functional tasks. [33] [34] [35] Moreover, a recent good-quality review with meta-analysis indicated that side bending was also poorly affected by neck complaints, both acute and chronic. 36 Clinicians might be aware that visual estimation of cervical range of motion is not sufficiently reliable, even if they trained in it, as has been reported by previous studies.
2,37-39
Methodological Consideration
Among the included studies, only 2 were of high quality, 23, 27 and they both analyzed inexpensive tools (universal 23 and gravity inclinometer 27 and standard dual-armed goniometer 23 ). They both analyzed inter-rater reliability, 23, 27 but only 1 also included an intrarater reliability measure. 23 The quality of the other selected studies ranged from 20% to 40% of positive answers to the applicable QAREL items. Even if each of these studies adopted adequate statistics and selection of tests, reporting of blinding, samples, and raters was unclear or incorrect. Hence, because of their high risk of bias, strong conclusions cannot be drawn from the present review, especially about technological devices.
Limitations
A selection bias could have occurred when studies with mixed healthy and unhealthy population were excluded. In these cases, although data of unhealthy participants were requested directly to the authors, we were unable to collect them. Furthermore, studies were included if they investigated intrarater or inter-rater reliability in measuring ACROM as the primary outcome. Studies with this investigation as a secondary outcome may have been missed, and for this reason, a selection bias could have occurred. Reviewer bias is also a possible limitation of this review because reviewers were not blinded to the authors.
No other systematic review was found in the literature about reliability of active cervical range of motion, including only patients with nonspecific neck pain. Extensive research was conducted to identify all the former studies on this topic, without restrictions of language and date. Further information was also requested from authors when necessary. Even so, because the protocol registration of these studies was not compulsory, publication bias cannot be excluded.
Finally, a reporting bias could have occurred because the review was not registered on PROSPERO (an international prospective register of systematic reviews).
CONCLUSIONS
Intrarater and inter-rater reliability of ACROM measures recorded by expensive or inexpensive devices was not significantly different. However, our results indicate that a reliable and cost-effective measurement seems possible by means of inexpensive devices in common clinical practice. Nevertheless, the methodological quality of the available studies is quite poor; thus, new studies of better quality would empower the strength of our conclusions about reliability of active cervical range of motion measures.
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